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The earliest stars began to glow mere eons-after the Big Bang.




z=51t00
21-Centimeter z=20to 5 240 to 1400 MHz
Cosmology Explained z=100to 20 70 to 240 MHz
15 to 70 MHz

o ) i
of neutral R .
. stars -
hydrogen  *
ARG : fomg?bcu oF " 128 billon ye
[ ol 13.8 billion years

o SARAARES ¢ A REIONIZATI

$ 27 R Vieg e

T T
" 1 million ' & =10 millién 100 million 10 billion

years years years. il




|
a . .
10 million 100 million 250 million 500 million 1 billion
T|me A L o 1 601
after el > )
Big Bang | 30
(vears) s 0
i<l || =30
b ' - s, T e 60
Redshift 160 80 40 20 151413 12 11 10 9 8 7 (mK)
50 ' ' T T ' ' ' ' ]
< = First galaxies form =
£ OF £ : =TT =
= £ Reionization begins Reionization ends .
2 _50F =
[¢b] i -
:C'E E Cosmic time =
o -100 & =
o = Heating begins 5
-150 E . : : s ; ; : 3 : : -
0] 20 40 60 80 100 120 140 160 180 200

Frequency (MH2) (Pritchard & Loeb 2010)



: b\

2dF Galaxy Redshift Survey
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(Mao et a. 2008, Zheng et al. 2014)



Why 21cm Cosmology

Line Emission

e QOptically thin

* Observable even into Dark Ages

* Directly probes redshift evolution
Sensitive to

e Ly-a: Wouthuysen Field Effect

e X-ray/DM: Heating

* UV:lonization
Integrated measure of galactic properties

* includes low-mass tails

* bubble size breaks some degeneracies
Complementary to

« CMB

» optical probes of galaxies

e other potential lines (e.g. CO, C+)



21cm Cosmology:
Global + Power Spectrum
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(Ali et al. 2015)
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Location: S30°34’, E21° 25'E (South Africa) Frequency
Configuration: 331 hex-pack, 21 outriggers - Digitized: 50 - 250 MHz
- Min baseline: 14.6m (7.8° scale) - EOR band: 100 - 200 MHz

- Max baseline: 1066m (9’ beam) - Channel: 97.7 kHz
Array core: 310m diameter Tsys = 100 + Ty
Element: 14m diameter (99 fov @1 50 MHz)
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Instrument Parameter (% error)

(multi-2) ¢ Rmtp log10 (T35 )
multi-z Cr: Re: 1 Tmin
fid fid, mfp 0810 (T3} Fia)

LOFAR  1.32 (40.38) 1.03 (20.06) 1.05 (5.43)
HERA 1.03 (11.81) 1.00 (11.99) 1.00 (1.95)
SKA 1.02 (6.11)  1.00 (10.04) 1.00 (0.96)
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Presley, Liu, Parsons (2015)
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v [wavenumber]

u [wavenumber]
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21cm Cosmology:
Global + Power Spectrum
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Brightness [mK]
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Brightness [mK]
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PGB: PAPER Green Bank PAPER South Africa
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iy * Low Lunar Orbiter
' * Moon as RFI shield
e Moon as a Tref, mask
* 1to4 elements
* Lunar Lander
* Far side of moon (shield)
10 to 20 elements
* Future
* Dark Ages Lunar Array
e 100s of elements
* Dark Ages Power spectrum

* The science case
* cosmology
* formation of structure
 first stars and galaxies




